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Objectives. To assess the suitability and safety of a novel suture-less hermetic docking head (HDH) device for aortic anas-
tomosis, and to test it in vitro, on cadavers, and in animals.
Design. Uncontrolled prospective studies.
Materials. HDH device with commercial vascular grafts.
Methods. Two experimental series were conducted in vitro to test the hermetic seal of the anastomosis and the fixation of
the device. Another series was performed in 6 cadavers with atherosclerotic aortas. Two in vivo trials tested the HDH device
when implanted in ten and five pigs, respectively, with follow-up of 22 weeks. Pathological, histological and radiographic
studies of the aorta were performed.
Results. The in vitro and cadaveric studies demonstrated the resilience of the device under physiological and extreme con-
ditions (up to 1200 mmHg pulsatile flow on the bench and up to 270 mmHg in cadaveric studies). These studies also
established the safety and ease of application of the device in both normal and atherosclerotic aortas. Insertion was easy
and rapid. There was no indication of leakage, narrowing or stenosis at the anastomotic sites. The implants’ position
was maintained without distal or proximal migration. Reliable fixation was observed despite significant increase (up to
112%) in the weight of the animals. Histologically, normal tissue reaction of the lamina was observed.
Conclusions. The suture-less HDH device’s behavior in vitro and in vivo suggests that this implant is useful for aortic
anastomosis, and its use is faster and simpler than common suturing techniques.
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Successful vascular anastomosis requires skill and
substantial time, and yet, it has remained the gold
standard for the creation of vascular anastomoses
despite multiple attempts to develop alternative
methods.1 Various devices for creating fast anastomo-
ses, such as rings, clips, adhesives, stents and laser
welding have been reviewed in terms of procedure,
suitability and complications.2,3 Recently a circular
stapling device was described and tested in a porcine
model.4 However, there has not been widespread clin-
ically adoption of these devices for aortic aneurysm
repair.
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sis must not compromise safety and quality, and
should yield round and smooth anastomoses similar
to the native ostium. Their patency rate should be
similar or better than that produced by standard su-
turing techniques,1 and the associated complications
must be minimal. Ease of use and reduced procedure
times are also important.1,5
The objectives of this study were to assess the func-
tion, acceptability and safety of the HDH device, and
to test it in vitro, on cadavers, and in animals. Details
of five sequential series of pre-clinical trials are out-
lined in this report.
Materials and Methods
The HDH suture-less anastomotic device (Fig. 1A) is
made of commercially available elastic tubing (graft)ved.
80 B. Yoffe et al.connected to terminal docking heads (DH), and is
accompanied by accessories for its insertion. The bio-
compatible (PEEK e Poly Ether Ether Ketone), and
corrosion and aging resistant DH is rigid and conical,
and on its external surface are several rows of special
flexible barbs (316 LVM stainless steel) for anchoring
(Fig. 1b). The barbs are designed in such a way that
they only permit forward longitudinal motion, and
when pulled back for about 1 mm the spring qualities
of the barbs causes them to penetrate through the
layers of the vessel wall, providing secure fixation
without excessive traumatizing the tissue and without
the need for any additional manipulation. The pres-
sure of the rigid HDH cone on the vascular lumen
was designed to provide a leak-proof seal.
DHs of different diameters (6 to 24 mm) exist to fit
various blood vessels, and the required size is deter-
mined prior to implantation either preoperatively by
computerized tomography (CT), or intraoperatively
with the accessory measuring instrument. The chosen
DH and tubing are combined with the supplied evert-
ing device (Fig. 2), and the assembled HDH can then
be inserted (Fig. 1) into position using accessory tools.
The minimal length of the vascular neck required for
HDH device insertion should be equal to the internal
diameter of the device.
In vitro testing
Initial laboratory testing was performed on a specifi-
cally designed test-bench in which the HDH deviceEur J Vasc Endovasc Surg Vol 34, July 2007(HDH Medical, Migdal HaEmek, Israel) was attached
to circuits filled with different mixtures of water and
glycerine. The test-bench provided static and cyclic
loading with pressure up to 1200 mmHg, allowing
an environment simulating in vivo conditions, includ-
ing blood properties, temperature, geometry and
varying conditions of internal static and cycling pres-
sure, as summarized in Table 1.
A second series of tests was performed on 17
freshly dissected abdominal aortas of large white
pigs, from two weight groups: 150e170 kg (n¼ 5)
and 70e90 kg (n¼ 12). Their arterial lumen’s diameter
was calculated from the measured external diameter
subtracting twice the wall thickness.
The arteries were anastomosed with the HDH de-
vice onto which artificial vascular grafts of polytetra-
fluoroethylene (PTFE; Gore, Flagstaff AZ, USA,
Impra, Tempe, AZ) or Dacron (Vascutec, Inchinnan,
Scotland, UK; B. Braun Melsungen, Germany; Jotec,
Jotec, Hechingen, Germany) with smooth or crimped
walls, 6 to 24 mm in diameter, had been everted.
The connections between aorta and HDH-device
were tested for loading with static axial tension of
up to 1.5 kg, tenfold the tension created by normal
systolic blood pressure. The handling of accessory
insertion instruments was also evaluated.
Cadaveric studies
HDH insertion in atherosclerotic aortas and the
quality of seal, tensile strength, insertion time andFig. 1. A) The hermetic docking head (HDH) device with two docking heads and a PTFE graft attached to them. B) The
barbed docking head (DH). C) Illustration of HDH-device insertion using accessory tools.
81Suture-less Anastomotic Devicevisibility were evaluated in human cadavers. Six ca-
davers (mean age 60.33 9.81 y) from the mortuary
of the Municipal Clinical Hospital in Irkutsk (Russia)
were used, after the cause of death, comorbidities, age
and gender were recorded.
Thoracic-abdominal segments of aorta were dis-
sected from the cadavers 9.14 2.19 h postmortem,
and their pathology was evaluated. Aortic segments
with intimal thickness of 1.5 to 4 mm and with severe
calcifications of the aortic wall were chosen for
testing.
Through a 3e4 mm incision in the aortic segment,
measurement probes of incremental diameters (16, 18,
Fig. 2. A) The everting device that fixes the graft to the
DH. It comprises a main body, on which the vascular
graft is positioned together with the DH (B). C) A circular
movement affixes the DH and graft in the proper position.
D) Everting motion creates tension on the graft’s material
that presses the outer wall of the DH and secures the fix-
ation. The attachment of graft to the docking head by the
everting device is performed prior to graft implantation,
when the length and the diameter of the damaged part
of the blood vessel are known.20 and 22 mm) were inserted until the vessel’s wall
became visibly deformed, in order to determine the
appropriate diameter of the HDH device. A suitable
HDH device was then inserted into the aorta and
immobilized in position. Its attachment was tested
manually.
The seal of the anastomosis was tested by insertion
and expansion of a Foley catheter above the im-
planted HDH device and creation of a closed cavity
between the balloon and the DH. The cavity was filled
with isotonic saline solution (in one thoracic and one
abdominal aorta) or 30% glycerine-water solution (in
one thoracic and five abdominal aortas), and pressure
was applied until leakage occurred, detected with the
aid of methylene blue added to the solutions. Axial
tension forces of 0.8 to 1.6 kg were applied with a
dynamometer to assess the reliability of the DH’s
attachment. In addition, the contact of the HDH
with the vascular wall and the degree of penetration
of the metal barbs were examined visually.
In vivo animal studies
Animal experiment protocols were approved by
the Animal Research Committee of Crimea Agro-
Technological University (for the first series), and by
the Ethics Committee of Barzilai Medical Center (for
the second series).
The first series included nine Big White and one
Yorkshire/Large White pigs (2 males and 8 females)
and was conducted in 2003 at the Veterinary Sciences
Faculty of the Crimea Argo-Technological University
(Ukraine). The animals’ age was 23.7 2.5 months
(range 21e29 months) and their weight 105.1
22.5 kg (range 80e155 kg).
The second series was performed in the Institute of
Animal Research, Lahav in Israel, in 2005. It com-
prised 5 Large White/Landrace sows aged 4.3 0.8
months (3 to 5 months) and weighing 68.7 16.08 kg
(range 40e77 kg).
Table 1. Variables tested in the bench experiments
Variable Type or range
Graft manufacturer
(type)
Gore (smooth), Vascutek (gofr),
BBrown (gofr), Impra (smooth)
Graft-HDH internal
diameter length (mm)
8 40, 50, 70; 10 35, 55, 85;
12 25, 35
Pressure, min-max (bar) 0e1.5
Duration of test (min) 0.5e1440
Number of cycles 0e109440
Cycling frequency (Hz) 0e188
Testing fluid Water, 50% glycerol, glycerol
Note: Not all permutation of these variables were tested.Eur J Vasc Endovasc Surg Vol 34, July 2007
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Operations were performed under general anaesthe-
sia. The duration of aortotomy, the aortic diameter,
the volume of blood loss, details of the graft (material,
length, type, manufacturer), time required for graft
eversion, cross-clamping time and proximal and dis-
tal anastomosis times were recorded. Heart rate,
respiration, body temperature, eye reflexes, muscle
tone, peripheral pulses, capillary refill time and mu-
cous membrane color were recorded every 15 min.
In the second series invasive blood pressure, ETCO2,
SPO2, inhalation anaesthetic level, tidal volume, and
ventilator pressure were also intermittently read. Un-
der sterile conditions a full midline laparotomy was
performed. The aorta was approached after opening
the retroperitoneum and was freed from the renal ar-
tery and the aortic trifurcation. The proximal and dis-
tal aorta was cross-clamped using DeBakey vascular
clamps. A longitudinal incision was made in the ante-
rior wall of the abdominal aorta. The aortotomy
length (27.0 4.21 mm) was approximately twice the
diameter of the DH. Bleeding from lumbar arteries
was controlled by occlusion with haemostatic clips.
The surgeon evaluated the aortic diameter visually
or with sterile probes, and the vascular graft was cut
to the appropriate length and attached to the proximal
and distal DHs using the everting device. In the first
series, 3 grafts of PTFE and 7 of Dacron, and in the
second series 4 grafts of PTFE and one of Dacron
were used.
In the first series, 10 HDH devices (length
47.10 10.59 mm) were implanted into abdominal
aortas of 8e10 mm internal diameter. Insertion in
the twenty anastomoses (10 proximal and 10 distal)
was by right angle Leahy dissector (n¼ 11), manual
insertion (n¼ 3), and by preloading the HDH on a
Foley catheter 26F, where upon insertion the balloon
was inflated to interrupt the blood flow, the graft
pushed from the catheter into position, and then
the catheter deflated and withdrawn (6 proximal
anastomoses).
The HDH device was inserted, digitally or with
a grasper, into the proximal neck in parallel to the ves-
sel and pushed into position. Then the proximal vas-
cular clamp was moved from the proximal aorta to
the vascular graft to test the seal of the proximal anas-
tomosis. Subsequently, the HDH graft was inserted
into the distal neck in the same manner. Blood flow
was reestablished, and the incision in the anterior aor-
tic wall was closed by continuous suture using 6-0 Pro-
lene. Following closure of the retroperitoneum with
3-0 sutures, layered closure of the operative wound
continued with the closure of fascia with continuous
nylon loop no. 1, subcutaneous tissue closure withEur J Vasc Endovasc Surg Vol 34, July 20073-0 Vicryl, and skin closure by subcuticular stitches
using 3-0 Vicryl. The first animal was used for feasibil-
ity testing and for practice, and therefore it was
excluded from the statistical analysis.
Postoperative period
In the second in vivo series, four animals underwent
abdominal CT under general anaesthesia. The anasto-
motic fixation was tested for reliability, and then the
entire descending aorta was removed for pathological
evaluation of the anastomosis. Histological examina-
tion included three histological sections e two from
the inner surface of the aorta overlying the HD and
one away from the implant, for control. Sections
were stained with picrosirious red and examined
under low and high power (100).
Results
In vitro testing
The preliminary bench tests determined the optimal
configuration for subsequent in vivo studies. They
established that the HDH provided a leak-proof fit
between the vascular prosthesis and the docking
heads. They ascertained the mechanical reliability,
seal of the HDH with different grafts, and the device’s
resistance to fatigue under different pulsation
frequencies and pressures (Table 1).
For the second series of in vitro testing, the dimen-
sions of aortas of animals of different sizes were deter-
mined (Table 2). Stretching these vessels resulted in
diameter deformation between 143.97% and 194.74%.
This dictated constraining the external diameter of
the DH to minimize surgical trauma to the arterial
wall. It was also concluded that 105 30 kg was the
preferable size of pigs for in vivo trials, requiring grafts
for the abdominal artery of 10 2 mm in diameter.
The HDH device could be inserted easily and
quickly into all vessels, and was immobilized in posi-
tion and well supported by the vascular wall. Sig-
nificant stretch forces, reaching 1.5 kg, did not
compromise the anastomosis. Without exception,
seal was maintained even with disruptive forces of
Table 2. The dimensions of porcine aortas according to size
Aortic dimensions, mm (mean SD; range)
Animal weight
70e80 kg
Animal weight
150e170 kg
External diameter 10.88 0.82; 9.5e12.0 13.05 1.29; 11.6e14.9
Wall thickness 0.5 to 0.12; 0.35e0.68 0.80 0.15; 0.65e1.02
Internal diameter 9.85 0.74; 8.5e9.8 11.44 1.14; 10.3e13.16
83Suture-less Anastomotic Device1.5 Kg without any visible weakening with both PTFE
and Dacron grafts.
Studies in cadavers
The HDH device inserted easily into the 6 human ath-
erosclerotic abdominal and thoracic aortas, ranging in
diameter from 16 to 20 mm, with insertion requiring
2.28 1.25 min. The accessory tools were effective,
and on average two minutes were required for mea-
surement of the diameter with the probe and for fit-
ting the graft onto the DH.
In four of the tested segments, there was no visible
indication of penetration of the metal barbs through
the aortic wall and associated intimal damage. The re-
maining two segments were perforated by few barbs
but without any apparent leakage. Cross-section of
the vessels indicated that the aorta adapted to the cir-
cular shape of the HD device and produced an exact
fit. The HDH device did not migrate even after appli-
cation of axial tensile force of 0.8 to 1.6 kg, bearing in
mind that a force of 1.5 kg is equivalent to 377 mmHg
in a 20 mm vessel.
The seal of the anastomosis was tested in two tho-
racic and five abdominal aortas. In the first two aortas,
hydraulic pressure was created with saline, and the
anastomosis remained leak-proof until pressure
reached 60 mmHg in one and 220 mmHg in the other.
In the remaining five vessels, aqueous solution of 30%
glycerin was used, and the respective anastomoses
sustained pressures of 270, 150, 250, 255 and
220 mmHg before leaking.
Animal studies
The in vivo insertion and cross-clamping times were
very short. In the 1st series less than 2 mins was
required to fit the grafts onto the DH, 6.61
4.55 min to cross-clamp, and 0.91 0.89 min and
1.55 3.01 min to create the proximal and distal anas-
tomoses, respectively (Table 3). In the second series,
cross-clamping time was reduced to 4.3 1.7 min
(Table 4).
Blood loss was 112.22 146.95 ml. In one pig inser-
tion of the HDH device was under conditions simulat-
ing vascular trauma. One animal died after the
implantation from anesthetic complications. Four ani-
mals were euthanized at the end of surgery, two after
one and two days of follow-up, respectively, two after
38 days, one after 91 days, and one after 154 days.
In this series of 10 HDH devices, no device failures
occurred and no animal had to be sacrificed due to de-
vice malfunction. No signs of adventitial perforationby the metal barbs were noted. The intimal surface
contacting the HDH device remained smooth with
small punctures. The mechanical strength of the anas-
tomosis was good, and no leakage was observed at
the anastomosis. However small leakage from the
lumbar arteries under the abdominal aorta had to be
occluded in four pigs.
The second series of animal experimentation reiter-
ated the findings of the first, with all animals followed
up longer. Five HDH devices of 50.60 3.78 mm in
length were implanted into abdominal aortas of
6e10 mm internal diameter, with the aid of specifi-
cally designed forceps, with blood loss of 138.0
72.59 ml. No anastomosis leaked, and the post-
surgical recovery was rapid. During three months of
follow-up, the pigs’ weight increased by
58.9 30.4% (range 39.6e112.5%).
In the first animal series, histology was studied in
two animals. The outer surface of the aorta was cov-
ered with fat, and the graft and the attached DH
were patent, without fracture or thrombi in the lumen.
A thin layer of granulation tissue lined the inner sur-
face. The media was composed of thick collagen
fibers; elastic lamina was not readily visible. One
section also had a smaller vessel branching off the
outer surface. Control sections had normal intima
with focal thickening, media composed of well pre-
served elastic laminae accompanied by smooth mus-
cle cells, and adventitia composed of dense fibrous
tissue (Fig. 3). No sections had signs of iatrogenic
injury.
In the second series, all animals were examined at
necropsy. On gross pathological examination, the
aorta was undamaged, and in all specimens thrombus
formation or stenoses were not detected. A section
through the graft showed a thin layer (0.1 cm) of fi-
brous tissue with organized fibrin opposite the inner
surface and an adherent thin, fragile membrane cover-
ing the device. The thickness of the wall of the free
aorta was approximately 1.2 mm, of that overlaying
the DH between 0.2 mm and 0.8 mm, and over the
graft between 1.2 and 1.5 mm. In two animals, the
wall overlying the DH was thinner than usual, with
replacement of fibrous and chronically inflamed gran-
ulation tissue of varying thicknesses. In another aorta
lymphoid follicles that were prominent in places and
had concave furrowing corresponding to the ribbing
of the graft accompanied these fibro-inflammatory
changes. Foreign body giant cells were also noted on
the opposing inner side of the vessel. No chronic in-
flammation was apparent in the inner portion of the
vascular wall. In other animals the histological pattern
was similar, but in a few, more florid proliferation of
reactive lymphoid follicles were observed.Eur J Vasc Endovasc Surg Vol 34, July 2007
84 B. Yoffe et al.Table 3. Surgery data e 1st stage of in vivo trials
Pig Surgery data
N HDH Delivery Manner Section
length (mm)
Aortotomy
length (mm)
Aorta
Dia. (mm)
Blood
Loss (ml)
Anastomosis Leakage Cross
clamping
time
1* Catheter, Manual HDH insertion 60 30 11.5 1500 no 15
2 Catheter, Manual HDH insertion 80 30 10.5 50 yes, small from proximal end 10
3 Catheter, Manual HDH insertion 80 35 8.5 100 no 12
4 right angle Lehy 80 20 10 50 no 5
5 right angle Lehy 65 25 10.5 50 no 2
6 right angle Lehy 65 25 11 50 no 4.5
7 right angle Lehy 65 25 11 50 no 3
8 over Foley catheter 26F 65 25 10 100 yes, from lumbar arteries 37**
9 over Foley catheter 26F
right angle Lehy
65 30 11 500 yes, from lumbar arteries
under the aorta
4
4
10 right angle Lehy 65 25 11.5 60 yes, small from lumbar arteries 15
* The first operation was conducted only for feasibility proof and to practice the surgical technique, therefore the parameters of this case
were not included in the statistical calculations. Study #8 was performed to test the possibility of inserting an HDH device insertion into an
aorta with diameter significantly smaller than the external HDH diameter and study #9 e to test the possibility of HDH insertion in con-
ditions, simulating vascular trauma.
** Anesthetic problems caused the pig to be unrestfull and caused delays in insertion of the device.Four animals of the second series underwent ab-
dominal CT. In each of them the implanted HDH de-
vice was demonstrated caudal to the kidneys (Fig. 4 A
and B). No indications of leakage at the anastomotic
sites or along the graft, narrowing or stenosis were ev-
ident. The implants appeared in the correct position
without distal or proximal migration and with reliable
fixation, despite the significant increase in the weight
of the animals.
Discussion
Blood vessels are an aggressive environment for any
implant, exposing it to physical stress from approxi-
mately 35 million pulses per year, intraluminal turbu-
lences and high pressure variations, ranging in the
aorta between 0 and 300 mmHg. All this can cause
fatigue resulting in early failure of standard
anastomoses.
This study demonstrates that the HDH device has
many advantages over a sutured anastomosis. TheEur J Vasc Endovasc Surg Vol 34, July 2007duration of surgery is shortened and the anastomosis
is standardized. These advantages are even more pro-
nounced for technically difficult aneurysms, because
the HDH device eliminates the need for intraabdomi-
nal suturing. The HDH is also suitable for laparo-
scopic surgery where the advantages are even more
pronounced.
Compared with endoluminar grafts, in the HDH
device the plastic head offers continuous and rigid
support for the short hooks. Being short the hooks
have lesser chance to change their three dimensional
shape. The endograft hooks are made from memory
metal material that is relatively flexible, in HDH the
hooks are made from spring stainless steel material
that does not change its shape significantly.
The HDH can fit aortas of various diameters and
can be applied with conventional grafts. Therefore it
can be used on the aorta, as well as on the arteries
of the extremities. With slight modification of the
HDH, bifurcated and trifurcated anastomosis can be
readily produced, maintaining antegrade and retro-
grade bidirectional blood flow. However the use ofTable 4. Surgery data e 2nd stage of in vivo trials
Pig Surgery data
N HDH Delivery
Manner
Section length
(mm)
Aortotomy length
(mm)
Aorta Dia.
(mm)
Blood Loss
(ml)
Cross e clamping
time (Min)
Anastomosis
Leak
11 forceps 60 25 6 150 7 No
12 forceps 60 25 8 250 3 No
13 forceps 60 25 10 50 5 No
14 forceps 60 25 9 120 3.5 No
15 forceps 60 25 10 120 3 No
85Suture-less Anastomotic Devicethis device is constrained by the requirement that the
proximal and distal necks be at least 1.5 cm long; for
bifurcated grafts these preconditions do not exist. An-
other limitation of the device is that the minimal di-
ameter of anastomosed vessel should be larger than
5 mm. In this stage of development HDH is not in-
tended to deal with all possible anatomical variations.
The suture-less HDH device tested in this study
was demonstrated to be safe and effective. While the
minimal pressure they sustained was 60 mmHg
when saline was used in cadaver studies, once the vis-
cosity of the solution increased, leakage occurred only
at much higher pressures (150e270 mmHg), and we
believe that blood clotting would probably prevent
leakage altogether even under more extreme condi-
tions. In this study human fresh blood was not avail-
able, consequently we used other liquids with density
and viscosity similar to blood but with no coagulation
factors so use of anticoagulants was not necessary.
However, in the presence of vascular calcification
or atheroma endarterectomy might be required to
ensure hermetic seal. During bench trials the use of
blood was not possible due to its corrosive qualities
to the metal material of the tester. In all 15 animal
studies the blood was heparinized. The operation
time was so short there was actually no significant
stasis of blood that requires its use.
The HDH induced minimal inflammatory changes
at the anastomosis and no intimal hyperplasia. We as-
sume that the rigid material of the HDH inhibits inti-
mal growth. There are many possible points for study
criticism which include: longer follow up for some of
the animals and the creation of the aneurysm model
in the operated pig. In order to overcome this limita-
tion human cadaver studies were performed. The
Fig. 3. Section of the wall above the HDH. Note chronic
inflammation of the inner portion of wall with foreign
body giant cells. (100)use of heparinized blood might have been beneficial
during bench testing.
In conclusion, despite the fact that the HDH suture-
less device described in this work, is not less invasive
because aortic clamping, aortotomy, and lumbar hae-
mostasis are still required, it enables safe anastomosis
of the aorta or any other artery to a conventional graft.
The safety and durability of the device was demon-
strated in bench studies, in which the anastomosis
withstood extreme conditions, in heavily sclerosed ar-
teries in cadavers, and in two series of in vivo studies.
Fig. 4. A) and B) CT angiograph of an implanted HDH graft,
demonstrating good free flow through the graft and no
signs of occlusion.Eur J Vasc Endovasc Surg Vol 34, July 2007
86 B. Yoffe et al.The application of the HDH in open repair of aortic
aneurysm or in bypass of the aorta and peripheral
blood vessels will require controlled clinical studies.
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